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In the experimental research of ultrasonic detection and 
characterization of cracks, laboratory specimens are indispensible. 
For surface-breaking cracks, the usual method for metals is 
fatigue growth and for brittle materials an indentor may be used 
to initiate the crack. The fabrication of interior crack specimen 
is generally more difficult. Diffusion bonding has been used in 
producing specimens containing simulated interior cracks and thin 
cracks have also been simulated by including yttria power between 
the diffusion bond surfaces.! We report here a technique for 
inducing interior fracture cracks in transparent plastic resin 
with focused laser energy. Such specimens are useful for ultra-
sonic characterization of crack parameters such as size and 
orientation. This technique has the following advantages: (i) 
It is quite easy to implement; (ii) The induced damages are 
usually flat circular cracks which closely approximate the "penny-
shaped crack" - the subject of manI experimental and theoretical 
studies for ultrasonic scattering; and (iii) This method provides 
a variety of crack size and orientation for ultrasonic sizing 
experiments and the results may be compared with direct optical 
microscopic measurements. 
EXPERIMENTAL METHOD 
An infrared laser beam from a pulsed YAG laser at a wave-
length of 1.06 ~m and approximately 1 cm in diameter was focused 
with a lens into the interior of a resin block made from commercial 
casting resin. 3 This experimental setup is shown schematically 
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Fig. 1. Experimental setup for inducing interior cracks with a 
laser. 
in Fig. 1. The laser was operated in the non-Q-switched mode at 
a low repetition rate (about 2 Hz). The cracks were induced by a 
single pulse of the laser light approximately 100 ~s in duration 
and containing a number of spikes. The maximum peak power used 
was 2 kW and the power was often less when a single crack or a 
few well-separated cracks were desired. We found that the damage 
threshold power for casting resin was lower than that for foly-
methyl methacrylate (PMMA) by several orders of magnitude. At 
higher laser power a string of closely spaced cracks was often 
produced along the path of the focused beam. The same phenomenon 
has been observed in laser damage in PMMA. For ultrasonic scat-
tering work a single crack or a few cracks reasonably separated 
spatially are often required. Such specimens were produced by 
adjusting the laser power and the focal parameter of the beam. 
Figure 2 shows optical micrographs of a 220 ~m diameter crack and 
a 430 ~m diameter crack viewed at a 60° angle from the normal of 
its surface. 
PROPERTIES OF LASER-INDUCED CRACKS 
The laser-induced damages were in the form of discrete small 
disk-like fracture cracks. MOst of the cracks produced were found 
to be approximately circular in shape and oriented at various 
angles with respect to the laser beam axis. To the naked eye they 
were highly reflective to light and disappeared when viewed edge-on. 
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Fig. 2. Laser-induced fracture cracks in resin. (a) A 430 ~m 
diameter crack viewed at a 60° angle from its normal, and 
(b) a 220 ~m diameter crack. 
With proper lighting the cracks showed iridescent colors due to 
interference at the separated surfaces. We have compared the 
optical appearance of laser-induced interior cracks in resin with 
mechanically-induced surface cracks in PMMA and epoxy and found 
them very similar. For the beam parameters used, the crack size 
produced ranged from 100 to 600 ~m in diameter. To estimate the 
separation of the cracked surfaces, we cut and polished one 
specimen so that the polished surface bisected the crack perpen-
dicularly. The crack mouth on the surface was photographed with 
a SEM and the crack separation was approximately I ~m. 
The damage mechanism is believed to be impurity-initiated. 
Small impurity particles in the resin that are opaque to the 
infrared radiation absorb the laser energy and lead to fracture 
cracks via thermally-generated elastic stress. In other plastic 
material it has been shown5 that the threshold power for laser 
damage can be increased greatly by filtering the resin to remove 
particles greater than a certain size, e.g., 1 ~m. 
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DESCRIPTION OF FABRICATED SPECIMENS 
A number of specimens containing laser-induced interior 
cracks were produced for immersion ultrasonic scattering experi-
ments . Once the laser-induced cracks were generated in the 
interior of a resin block, the block may be machined into the 
desired shape for any crack orientation with respect to the 
specimen surface through which ultrasonic scattering is performed. 
Web geometry specimens in the form of circular or rectangular 
plates and bore geometry specimens with a 3 inch radius cut to 
simulate the borehole surface were produced. Each specimen 
contains one to four cracks in the 200-400 ~m diameter range 
oriented at various angles with respect to the interrogation sur-
face. Cracks in the borehole specimens were located near the 
simulated borehole surface. Figure 3 shows the finished bore 
geometry specimens. Parameters of two typical specimens are 
listed in Table 1. 
Crack characterization using ultrasonic scattering has been 
carried out by T. A. Gray and R. B. Thompson6 for the web geometry 
specimens and by R. K. E1s1ey, et a1,7 for the bore geometry 
specimens. Good agreement with theory was generally obtained. 
Fig. 3. Finished specimens of the bore geometry. 
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Table 1. Parameters of Two Representative Specimens 
Specimen Geometry Crack Size and Orientation 
Rectangular plate 
3x3xO.75 cm 
430 ~m in diameter, tilted 30° 
from plate normal 
Bore geometry 
3 cm thick plate with 3 in 
radius cut 
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